In eukaryotes, cis-regulatory sequences are often a long way away from the transcription start site, and interactions between regulatory elements can be blocked by 'insulator' sequences. A novel type of cis-regulatory element has now been found that selectively permits some interactions across insulators.
Four sets of insulator sequences have been analysed in detail: the specialized chromatin sequences, known as scs and scs′ elements, that flank a Drosophila heat-shock gene cluster; a fragment of the Drosophila gypsy retrotransposon consisting of twelve binding sites for the zinc finger protein Su(Hw); the FAB-7 and FAB-8 insulators from the 3′ cis-regulatory region of the Drosophila homeotic gene Abd-B; and an insulator derived from the 5′ region of the chicken β-globin locus. All these sequences have been shown to attenuate enhancer-mediated activation of transcription in enhancer blocking assays, where the insulator is placed between an enhancer and a promoter.
It is important to note that, although each of these elements functions reliably in such assays, only the FAB-7 insulator from Abd-B has been shown to provide an essential boundary function during development [7] . None of the naturally occurring Su(Hw) binding sites has yet been shown to be part of an endogenous insulator element. Furthermore, su(Hw) null mutants develop into sterile, but otherwise normal flies. So although the Su(Hw) protein plays an essential role in oogenesis, it seems to be dispensible for gene regulation during development of the animal [8] . Similarly, despite recent progress in identifying proteins that bind to the scs element [9] or to the chicken β-globin insulator [10] , it is currently not known whether these elements provide a critical insulator function at their native chromosomal location.
What is the function of the insulators that have been identified in the 3′ cis-regulatory region of Abd-B? Abd-B is one of the three homeotic genes that make up the bithorax complex, which controls pattern formation in the posterior half of the fruitfly. For normal development, the bithorax complex genes need to be regulated in precise manner, with respect to both the spatial domains and the levels of expression. To put the work on the FAB insulators in context, I shall first briefly summarize what is known about the transcriptional regulation of bithorax complex genes. Expression of each of the three bithorax complex genes is initiated at the blastoderm stage, in a specific expression domain which is subsequently maintained throughout development. The enhancers controlling this expression are short, 250-800 base pair long sequences that are typically located many kilobases upstream or downstream of the transcription start site and are well separated from each other (summarized in [11] ; for Abd-B see Figure 1 ).
Studies on the bithorax complex gene Ubx showed that the early enhancers are built like other enhancer modules known to direct stripes of gene expression early in development: they contain closely linked binding sites for different combinations of both transcriptional activators and short-range repressors [12, 13] . Short-range repression -first described for the segmentation gene even-skipped [14] -permits the early enhancers of the bithorax complex genes to function autonomously. This means that, in a given cell, repressors bound to one enhancer can keep that enhancer inactive without interfering with activation mediated by a different enhancer [12] . By six hours of development, however, the activators and repressors that act through these early enhancers are no longer present. From this stage, the spatially restricted expression of bithorax complex genes depends on late enhancers and the so-called Polycomb group response elements. This is again best illustrated in the case of the Ubx gene, where late enhancers, if individually linked to a reporter gene, direct transcription in the tissues where Ubx function is required -for example, in the central nervous system, or in the imaginal discs that evert to form the body structures of the adult fly. On their own, however, the late enhancers activate transcription outside of, as well as within, the normal Ubx expression domain. The Polycomb group response elements, which function as cis-acting silencers, are needed to suppress transcriptional activation outside the Ubx domain [15] . So whereas in the early embryo Ubx enhancers function autonomously, at later developmental stages control of Ubx transcription relies on long-range cis-interactions whereby Polycomb group response elements silence late enhancers from which they are often separated by many kilobases.
Similar types of regulatory element have been identified in the 3′ control region of the Abd-B gene [16] [17] [18] (Figure 1) . The enhancers direct different levels of Abd-B expression in individual parasegments -the metameric units of the segmented fly -within the Abd-B expression domain, and these differences are critical for normal development. It appears that, in the same cell, particular enhancers are silenced by Polycomb group response elements whereas others are active ( Figure 1 ). How does this work? The phenotypes caused by small chromosomal deletions within the Abd-B 3′ region suggest that insulators, or boundary elements, ensure the orderly interactions between the Polycomb group response elements and the enhancers [7, 19, 20] . Specifically, a boundary element, FAB-7, appears to prevent interactions between neighbouring IAB-6 and IAB-7 enhancers, and also to block inappropriate silencing by the IAB-7 Polycomb group response element [7] .
Enhancer blocking assays demonstrated that FAB-7, as well as the recently identified FAB-8 element, potently attenuate different enhancer-promoter interactions in the Drosophila embryo [6, 18, 21, 22] . But the FAB-7 insulator does not block all enhancers in reporter gene assays -in particular, it fails to block activation by the Ubx enhancer BXD [16] . Transcriptional activation by BXD is also not blocked by binding sites for the Su(Hw) protein (my unpublished data). This suggests that certain potent enhancers can still act across insulators. In contrast, there is evidence that even strong Polycomb group response elements are blocked by insulators such as the Su(Hw) binding sites [23, 24] . Insulators may therefore be better at blocking silencers like the Polycomb group response elements than enhancers, a notion that has not been rigorously tested yet. The primary role of FAB insulators in Abd-B may be to prevent inappropriate silencing by Polycomb group response elements.
The FAB-7 and FAB-8 insulators block IAB-5-promoter interactions in enhancer blocking assays [18, 22] , but they evidently do not prevent this interaction in the native Abd-B gene, where IAB-5-mediated activation is needed for proper Abd-B expression [25] . Furthermore, a deletion of the FAB-7 boundary element in Abd-B does not result in stronger activation by the distal IAB-5 enhancer [7, 20] . Are FAB insulators simply not as potent within their native chromosomal context, or is there a specific antiinsulator function that helps distal enhancers overcome the block imposed by FAB insulators? The recent work of Zhou and Levine [6] has provided evidence for the existence of such anti-insulator elements. Elegant earlier work by Hopmann et al. [26] defined an 11 kilobase segment within the IAB-7-IAB-8 region that allows downstream IAB enhancers to find and activate the Abd-B promoter, even if the promoter is located far away on a different chromosome. In their recent work, Zhou and Levine [6] dissected this 11 kilobase segment and thereby identified a 'promoter-targeting' sequence that is separable from the IAB-7, IAB-8 and FAB-8 elements [6] (see Figure 1) . They went on to show that, in enhancerblocking assays, this promoter-targeting sequence acts as an anti-insulator that allows enhancers to overcome the blocking effect of insulators such as FAB-8 or Su(Hw) binding sites.
Several observations suggest that the promoter-targeting sequence is not simply part of a larger IAB-7 enhancer [6] . Firstly, the anti-insulator action of the promoter-targeting sequence is observed with a variety of enhancers placed distal to an insulator, even when the enhancers and the promoter-targeting sequence are several kilobases apart. Secondly, a deletion within the Abd-B 3′ region that specifically removes the promoter-targeting sequence reduces activation mediated by the IAB-7, IAB-6 and IAB-5 enhancers. Thirdly, a fragment containing the promoter-targeting sequence alone does not activate transcription if linked to a Ubx-LacZ fusion gene [20] .
How does the promoter-targeting sequence function? Interestingly, it appears to be irrelevant whether the promotertargeting sequence is located proximal or distal to the insulator, with respect to the downstream enhancer [6] . One possibility is that proteins that bind to the promotertargeting sequence somehow neutralize the insulator, indirectly allowing the downstream enhancer to access the promoter. This model would predict that the promotertargeting sequence should have to be closely linked to the insulator, and that the anti-insulator function should decrease if the promoter-targeting sequence is placed further away from the insulator.
A second possibility is that factors bound to the promotertargeting sequence interact with proteins bound to the distal enhancer, and that together they form a particularly potent complex that can overcome the insulator block and interact with the promoter. This second model would predict that the promoter-targeting sequence should also potentiate transcriptional activation by a distal enhancer in the absence of an insulator. Tests that address these predictions have yet to be done. It will also be interesting to see whether promoter-targeting sequence function depends on 'facilitator factors', such as Chip or Nipped-B, proteins identified by their ability to support long-range enhancer-promoter communication [27] .
Intriguingly, the anti-insulator activity of the promoter-targeting sequence is only revealed in enhancer blocking assays where the insulator, promoter-targeting sequence and distal enhancer are located several kilobases from the promoter [6] . When a fragment containing both the promoter-targeting sequence and FAB-8 insulator are placed close to the promoter, it simply blocks a distal enhancer and no anti-insulator activity is detected [18] . It might be that, if an enhancer is already close to a promoter and interacts with it, factors bound to the promoter-targeting sequence stabilize or lock the interaction; the enhancer may consequently remain tethered to this promoter, and be prevented from interacting with other promoters. Preventing disruption of an established enhancer-promoter complex may be a primary function of the promoter-targeting sequence. Such a function might be particularly important at loci such as Abd-B, where distal enhancers need to access a remote promoter from which they are separated by intervening cis-regulatory sequences that in the same cell are silenced by Polycomb group response elements.
